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 The LIGBT model

* Verilog-A vs. SPICE

e Steady — State results
 Inductive switching

 Fly back circuit implementation
e Mixed signal simulation
 Electro-thermal simulations

e Conclusion
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The LIGBT model -
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« Compact, physics based and scalable c.
Isothermal LIGBT model was Cathode
developed Base charge sub-circuit
Q=V*C,
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Implementation
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e Initially implemented in SPICE

 Good matching was obtained for both steady —state and
transient cases

 Verified against both simulations and measurements
e Then implemented in Verilog-A

Verilog-A SPICE
Fully compliant with Cadence EDA tools; mainly | Manly stand alone circuit simulation;
IC design users mainly application design users
Choice of optimised simulation engines; e.qg. Fixed simulation engine

Sepctre, Utrasim

Versatile, powerful, stable and fast Relatively slow, convergence issues
Expensive with simulation suits Relatively low cost
‘ ‘ ~ " ENES
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ST Implementation SPICE
nformation Sociey vs. Verilog A

« Both in the SPICE and Verilog-A, mathematical equations
can be included as current or voltage sources

Verliog-A i | | . SPICE
- - GDE ano cat VALUE
l(anO,Cat) <+ Isnhe Slmple diode model {MYD'ODE(V(anO,Cat))}

(exp(Vj /7 Vth) - 1);
-.FUNC MYDIODE(V})
{Isne*(exp(Vj/VvVth)-1)}

e Both in the SPICE and Verilog-A, pre defined models can
be included as netlists

* In our case SPICE implementation uses more pre-defined
circuit level models and Verilog-A uses current/voltage
source approach exclusively due to stability and

compatibility
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Differentiation in Verilog-A
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 Differentiation Is often used In Verilog-A;
especially for capacitors

A Cval g  Can be implemented as
1(A,B) <+ ddt(Cval * V(A,B));

 Model example
Qb=Vb*1u

R ] V(b,grd) <+ Rg*(In(W)-1n(0)-
Vb g taub/ilu T1u (PIn) In(W) (Plpc_TRN Ipc_TRN-"Cg*ddt(V(b,grd)));

-0
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Discontinuity in Verilog-A
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» Discontinuities such as max() if.. else.. in Verilog-A can lead to
convergence and speed problems

* We have developed a method to over come this
» Lets assume there is a step in the signal Y max

Y = Yuin {l_U (X_ XO)}+ ymaxU (X_ XO)

« Since this is a sharp transition the differentiation
gives a delta function leading to instability

* Hence approximate the step function with a smooth

differentiable function .
U(x—xo)leanh{lz((X_XO)} X,
» This gives 1—tanh{k(x—x, )} 1+ tanh{k(x - x, )}
y — ymin 2 + ymax 2

Y | CEdEI’I(Ei CAMBRIDGE
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Discontinuity in Verilog-A
Inlormal'lon ‘atJflﬁf) CO nt

* Upper bound, lower bound and if.. else can all
be represented by this

1y
___Y_m__é_‘&'_iﬂ“ _________
=y 1—tanh{|;(x—x0)}ermax 1+tanh{l2<(x—x0)}
= apPStP(X; Xy Yiin: Ve )
_ (x)
_ _ _ . Y X
Xo =Yg Yorin = T OOy Vi = Yo 91VES UppEr bound maxlim

Xo =Y

=Y Y. = f(X) gives lower bound

minlim ? ymin
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Discontinuity in Verilog-A
L_ If...else

- 1-tanhik(x=x, )}

y= ymln 2

Ty

— appStp<X, Xo1 Ynmin s ymax)

1+ tanh{k(x —x, )}
max 2

y, = appStp(x; x, —tol,0,1)
y, = appStp(x; x, +tol,,1,0)

Y=Y,
z = y(Stmnt, )+ (1 - y)(Stmnt,)

represents

cond=(x>x0-tol) && x<xO0+toll);
iIT (cond==1) Stmntl;else Stmnt2;

Y, = appStp(x; X,,0,1)

Y, = appStp(w; w,,0,1)
Ys=Y1tY;

y = appStp(y,;0.5,0,1)

z = y(Stmnt, )+ (L - y )(Stmnt, )

represents

cond=((x>x0) || (w>w0)) ;
iIT (cond==1) Stmntl;else Stmnt2;
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B Discontinuity in Verilog-A
TR Model Example

The basic MOS equation of the LIGBT
| o5 =0 v, <V,
lwos = K, (V, =V, —05V, ), V>V, (v,
lwos =05K (V. =V, P V.2V, (v, -V, )<V,

g

Implemented in Verilog-A as
VD=V(D,S);VG=V(G,S);
IMOS_sat=0.5*Kp*pow((VG-Vt),2);
IMOS_1in=Kp*(VG-Vt-0.5*VD)*VD;
VGgtVt_cond="appStp(VG,Vt,0,1); //assert else IMOS=0
IMOS lin_sat="appStp(VG-VvVt,VD, IMOS_sat,IMOS_1in);
IMOS= VGgtVt cond * IMOS lin_sat;// + (1- VGgtvt _cond)*0
1(D,S) <+ IMOS;

e.g. Using appStp function speeded up the flyback simulation 25 times!!
Y |
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Steady — State Results
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D Transient Results —
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Transient Results —
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LIGBT simulation times

Fﬁ'l'hrlrﬂrlﬁ‘ie':
Static Transient o’
Variable 265 32s 10
mobility ~ 8
SPICE Constant T 6
onstan E
mobility o U0 = 4
Variabl 4 qat 2 transient
ariable ate .
Spectre - . J 0 static
) mobility voltages 1.64s Verilog-A .
VerilogA Pspice
(default) 1.71s

Constant mobility
Variable mobility

Shirahata mobility model
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. i/ Clafnp voltage
Fixed to 300 V

~_. |Leakage capacitance
_ .. >~ of the primary

"I'u-hnn]nHie-:
Filter circuit
I
Leakage capacitancg
due to the
Package

(Now include in the model)
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Flyback Simulation

Simulation with a leakage inductance in
series with the primary of the transformer

Experimental results
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Mixed Signal Simulations
Within Cadence AMSUItra Simulator
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Thermal Network
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Verilog A implementation

Pbase=V(D,drain)*1({d,s);

I (NTbase,grdth)<+ -Pbase;

I (NTbase,grdth)<+ ddt(Cth_base*V(NTbase,grdth));
I(NTbase,NTch)<+ V(NTbase,NTch)/Rth_base;

Pch=vV(drain,S)* 1(d,s);

I(NTch,grdth)<+ -Pch;

I(NTch,grdth)<+ ddt(Cth_ch*V(NTch,grdth));
I(NTch,ambiant) <+ V(NTch,ambiant)/Rth_ch;
V(ambiant,grdth)<+ "TO;

A - :
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Flyback Results
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Bl Conclusion
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The LIGBT model implemented in SPICE and
Verilog-A

On-state, Flyback, Mixed signal and electro-
thermal circuits were simulated

Verilog-A model improves the speed of the model
— up to 30 times In some Instances

Stability has improved dramatically and now long
term electro-thermal complex circuit simulations
are tractable for the first time

Fully coupled electro-thermal mixed signal chip
simulations results will be presented in future
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